China's massive export trajectory can enlighten many developing countries regarding foreign trade. Based on the 'product space' theory, the present study analyses the evolution of China's export economy from three perspectives: (1) comparative advantage from a longitudinal perspective, (2) diversification from a horizontal perspective, and (3) location in dynamic global product space from a spatial perspective. Results show that China's export economy is becoming more diversified and has evolved from a polarized structure to a relatively balanced system. At the same time, China has been moving from a peripheral location to a core place in the clusters of global product space. This study concludes that both path dependence and path creation are important in driving China's export evolution process.
CHINA has performed a growth miracle over the past four decades. In the context of globalization, China's export success is more important to economic performance than ever before 1, 2 . The country's share of world trade has increased from 4.3% to 10.4% since joining the World Trade Organization. In recent years, China has become the world's largest exporter and its export growth rate has also become the fastest in the globe. China's increasing footprint in foreign trade and investment in all the major aggregates are evident to the world 3 . It may be necessary for other developing countries to draw lessons from the experiences of China's export evolution. The expansion of markets has brought about specialized division of labour and foreign trade, promoted the optimal allocation of resources, and upgraded the industrial structure 4, 5 . The present study has mainly focused on analysing the quantity or structure of China's exported products 6 , while being less concerned with the evolution of its export position in the world. In particular, quantitative studies of the evolution mechanism are lacking. What should we focus on when we study the evolution of exports? Industrial evolution is a comprehensive upgrade process, including value upgrades and factor upgrades 7 . Many studies have concentrated on the changing characteristics of comparative advantages 3 , export diversity 8 , industry structure 9 and industry clusters 10 . Evolutionary economic geographers are interested in determining how a region develops a particular economic landscape.
The objective of the present study is to explore China's export pattern and the driving force behind it, aiming to provide reference for the industrial development of other developing countries and provide targeted policy guidance for promoting trade cooperation between China and other countries, especially under the 'One Belt, One Road' strategy.
This study quantitatively reveals the evolution path of China's export status in the global trade network based on 'product space' theory, which is different from the traditional qualitative analysis of industry development in China. Path dependence is usually the dominant force driving industrial development in most countries. However, this study has found that exogenous path-break force is as important as path dependence in China.
Literature survey
In the traditional literature, relevant research on China's industrial development mostly adopts a qualitative method. The small amount of quantitative research is limited to the description and analysis of China's export volume and structure over the years. An in-depth quantitative study of the country's evolutionary process in the global export trade network is relatively rare. Evolutionary economic geography has developed rapidly and become a new focus now. Path dependence is regarded as the primary rule of evolutionary economy 11 , which generally focuses on the historical process of regional development, and argues that the current and future development patterns are constrained and determined by the past conditions of any region 12, 13 . Specific product clusters and industrial structure in a region have a significant effect on its future development trajectory 13, 14 . The specific trade pattern of a region is because of the accumulated production capabilities which include technology, human capital, infrastructure, institutions and so on. Each new capability is somewhat related to a pre-existing one 15, 16 , and this relatedness is emphasized. In other words, it means that a new product emerges near an existing product. There are many ways to measure relatedness 17, 18 , reflected in different dimensions such as cognitive, organizational, social, institutional and geographical aspects 19, 20 . In recent years, a new and popular measurement of relatedness between pairs of products has been proposed in the product space theory by Hidalgo et al. 21 , which is outcomes-based and can integrate all dimensions. It is measured by the minimum probability of two advantaged products being exported together by the same country, which is a co-occurrence concept called 'proximity'. Advantaged product means one country's export level is higher relative to the global average. The product space theory can study and visualize scientifically the proximities of products. It implies that the closer the two products are in the product space, easier it is for one country already exporting one product to export the other product, assuming that the capabilities of exporting one facilitate export of the other. Related research provides a novel perspective on industrial development 22, 23 . Many studies have followed this ideology in different regions, including Brazil 24 , Sub-Saharan Africa 8 and Indonesia 25 . Researchers are interested in the evolutionary paths in a region to help understand the growth mechanism. They consider that new industries related to existing ones are driven by the effective power of path dependence 26, 27 . While for new products irrelevant to the pre-existing advantaged products, they question how these came about. Such products appear to be generated by a different path relying only on exogenous forces 28 , that is, path creation. It includes many complex aspects like creative destruction in productive technology 29, 30 , intra-regional links 31, 32 and government intervention 33, 34 . This study analysed China's export evolution based on product space theory from three perspectives: comparative advantage from a longitudinal perspective, diversification from a horizontal perspective, and location in global product space from a spatial perspective. The evolution path of China's exports was analysed, aiming to characterize the evolution of its export-oriented economy over time and to provide a reference for developing countries.
The gap that this study fills in the mainstream literature is mainly reflected in two aspects. First, geography has studied the literature of Chinese trade mainly to analyse differences in the export structure between China's internal regions on the regional scale, and rarely involves the horizontal comparison between China and other countries on a national scale, lacking the analysis of the country's export location in the global trade pattern. Secondly, most of the existing research does not consider the correlation between industries, ignores the nature of path dependence under the perspective of evolution, and lacks scientific analysis of the development path of China's export industry. The present study explores China's export location, export pattern and evolution path under evolutionary economy from a global perspective, which enriches the existing mainstream literature. 
Data and methods

This study uses
Revealed comparative advantage
Revealed comparative advantage (RCA) measures one country's export level relative to the global average. Let x(c, i) be the total export value of product i by country c. When RCA c, i > 1, country c exports more of product i as a share of its total exports than the global 'average'. A product with RCA > 1 is considered as a country's advantaged product. 
Proximity
The similarity accumulated production capabilities of products influences the relatedness between two products. The more closely related two products are, the easier it is for a country to develop them together, that is, a country can easily develop new products when the closely related ones already have an advantage. For example, the ability to export apples may include more of the conditions suitable to export pears than export furniture, because of production necessities such as soil, climate and skilled agronomists. The ability to export apples is quite different from the ability to export furniture. So the proximity of apples and pears is higher than that of apples and furniture.
Proximity φ i,j between products i and j is the minimum of the pairwise conditional probabilities of a country exporting one product, given that it exports the other. A closer proximity indicates a higher correlation between two products and a closer spacing. The value of φ i,j is between 0 and 1 (Figure 1 )
Product space
First, we generate an N * N proximity matrix (N represents the total product types in the world). Then we construct an original product network to visualize the proximity between products based on the matrix. This network contains too much information, including all links between products, even for unrelated pairs. In this case, the rough network can hardly reveal the correlation structure of the products. To display the structure clearly, we use a maximum spanning tree based on Hidalgo to generate the skeleton of the network. φ ≤ 0.5 denotes that two products being exported simultaneously is a random occurrence and only φ > 0.5 denotes that the two products are related. For better visualization, we use a force-spring algorithm to clarify the layout. Figure 2 illustrates the global product space for 2011. The network includes three main clusters: the 'light industry cluster' composed of green nodes, including labour-intensive categories like shoes and handbags, among others; the 'mechanical equipment cluster' composed mainly of purple and orange-red nodes, including technology-intensive steel and office electronics, among others, and the 'integrated chemical cluster' composed mainly of orange and light purple nodes, relatively mixed and mainly consisting of chemical products. The network shows that the proximities in the light industry cluster are the greatest (φ > 0.65), followed by the mechanical equipment and integrated chemical clusters (0.5 < φ ñ 0.65). Nearly all the proximities in the periphery are less than 0.55. The whole network has a heterogeneous structure.
Evolution of China's comparative advantage and diversification in export
We analyse China's comparative advantage using ranksize distributions (Figure 3) . We find that the slopes of the best-fit lines for 2000, 2005 and 2011 are 1.50, 1.38 and 1.30 respectively, indicating that gaps in the RCA have gradually decreased. This implies that China has focused on the production of a limited number of dominant advantaged products in the past, which has resulted in the polarized trade pattern. In contrast, in recent years, China's exports have become increasingly balanced, which indicates that the country has begun to pay attention to improving the competitiveness of general superior products. China has begun to enter a new stage of industrial evolution 35 . Some studies have measured diversification using the number of exports with RCA ú 1. We followed this measurement and found that China's diversification was among the top 10 in the world in 2000 as well as 2011, and has steadily increased ( Figure 4 ). China exported 465 advantaged products in 2000 and 565 in 2011. The global rank of China's diversification index has jumped from seventh to second in the 12 intervening years. The most diversified countries have always been Germany and Italy. The growth rate of China's diversification has been obvious, which shows that the country has committed to integrating itself into the world economic system in recent years.
We found that even though labour-intensive products dominated China's export basket, its share of all advantaged products decreased from 42.37% in 2000 to 40.53% in 2011. In addition, the number and proportion of advantaged products in machinery, chemical, and capitalintensive industries sustained growth momentum, while those of advantaged products in animal products, cereals and raw materials continued to decrease. China has spared no effort to improve advanced technology to increase the export of technology-based and capitalintensive industries, and to weaken its emphasis on resource-intensive industries 36 .
Evolution of China's location in global dynamic product space
In this study we constructed the global product space for 2000, 2005 and 2011 (Figure 5 a, c and e respectively). We calculated the respective closeness of the networks to measure the compactness of the topological structure. Closeness i is defined as the centrality of a vertex i by the inverse of the average length of the shortest paths to all the other vertices in the graph. We found that the average closeness of all nodes in the networks become greater over time, and the changing tendency was especially (Table 2 ). This indicates that China's advantaged products, especially PGA, are increasingly migrating to the network core.
Evolution of China's location in the global product space:
In 2000, China's PDA in the labour-intensive, machinery and raw materials categories spread into the periphery, and only some capital-intensive products were scattered evenly in the core area. In case of PGA, most were labour-intensive and located on the periphery (Figure 5 b and Tables 3 and 4 Petroleum  1  2  2  1  0  Raw materials  22  23  20  1  -3  Forest products  6  7  14  1  7  Tropical agriculture  15  16  17  1  1  Animal products  16  13  11  -3  -2  Cereals  9  5  3  -4  -2  Labour-intensive  85  108  118  23  10  Capital-intensive  29  42  49  13  7  Machinery  38  55  79  17  24  Chemicals  38  48  61  10  13  Total  259  319  374  60  55 machinery products were growing rapidly, and capitalintensive products and chemicals, which were mainly located at the core, continued their growth trend ( Figure 5 f and Tables 3 and 4) .
Evolution of the coupling relationship between China's advantaged products and global high-value products:
In 2000, China's PDA were not among those with the highest trade values in the world, except for the labourintensive products on the periphery. This indicates that the country occupied an inferior position in global trade. In 2005, China's PDA was still not highly correlated with products having high trade value in the world, but the situation had improved slightly (see Appendix 1). In 2011, the overlaps between China's PDA and products with high global trade values had clearly increased. In addition to the labour-intensive and machinery products in the periphery, the overlapping products included the capitalintensive ones at the core. China has now emerged with advantaged products in the capital-intensive, machinery and chemical industries. Increasing numbers of China's advantaged products have been consistent with the products of high trade value in the world.
Path dependence or path creation for China's export evolution
Path dependence: In order to examine whether the products that were upgraded were subject to endogenous path dependence, we first constructed a proximity matrix 'path-dependent' products (one product was driven by several existing advantaged products together) ( Figure  6 a) , with most located in the periphery (Figure 6 b) . In 2011, there were 54 'paths' linking with 30 'pathdependent' products ( Figure 6 c), and most of them were distributed near the three clusters (Figure 6 d) . We find that China's new products generated by endogenous force are increasing, and they tend to transfer gradually to the core area.
Path creation: If the proximity between new advantaged products and any existing advantaged products is less than 0.4, the new products are considered driven by exogenous forces. We consider the corresponding new products as 'path-creation' products. In 2005, there were 20 'path creation' products (Table 5 ). Among these, the labour-intensive products were the most numerous. In 2011, there were 20 'path-creation' products. The number of new chemical products in 2011 accounted for 11.11% of the number of existing advantaged chemical products in 2005. This is much greater than the ratio for products in other industries, suggesting that China's chemical industry has sustained it growth momentum. Evolutionary economic geography considers that it is difficult for a new product to emerge without a historical basis. While comparing the number of new products driven by path dependence and path creation, we found that the exogenous forces of China could be crucial during its transition period. When strategic industries that have no advantage in the past are difficult to drive depending on endogenous path dependence, they can call for the targeted regulation of the Chinese government to improve their development 37 .
Conclusion
This study highlights the evolution of China's exports between 2000 and 2011 based on a comprehensive analysis. The country's economic achievement has evolved sustainably and has developed a more diversified and sophisticated export basket. Labour-intensive industry has always dominated China's market, where the proportions of technology-and capital-intensive industries are increasing continuously, and primary industries have been decreasing annually. The country's foreign trade pattern has been shifting from a polarized structure to a relatively balanced system. Half of China's new advantaged products are generated by path creation. This study also clearly reveals China's specific location in the global trade network. It can accurately provide a clear reference frame for the country to formulate product support policies and promote the development of strategic industries. Active government intervention and policy guidance play an important role in China. The country has adopted relatively aggressive path-breaking strategies to develop new advantaged products, which allow the economy to rapidly achieve export advantages for strategic products. It has improved the balance in the economy by promoting both its traditional low-end value products and high-end trade value products in the global market. China has developed a more diversified and balanced export basket, and gradually moved from periphery to core in the global product space. In recent years, China has been committed to the economic development model of 'quality and efficiency improvement', not only to increase economic growth rate but also to improve the quality of economic development. Therefore, we conclude that developing countries cannot completely rely on path dependence under the market mechanism, as they will easily fall into the 'low-end trap'. They need to promote the development of high-end industries with certain macro-government regulation. China's remarkable achievement in foreign trade has enlightened many other developing countries whose exports have always been placed at the periphery of the global product space.
